. It has been shown recently (6) that the chicken also responds to chronic hypoxia with a cardiac ventricular hypertrophy. This ventricular hypertrophy was related to the bird's hematocrit, and it was considered to be a form of adaptation to the resultant increased viscosity of the blood. However, an additional right ventricular hypertrophy, independent of the hematocrit, was also found in chronically hypoxic birds. This right heart hypertrophy is also found in mammals exposed to chronic hypoxia, and is considered to be a result of a chronic pulmonary arterial hypertension due to a vasoconstriction, the entire basis of which is not known (3, 8, 18, 19) . Th e effects of chronic hypoxia on the arterial blood gases and pH, the pulmonary arterial blood pressure and its quantitative relationship to the right heart hypertrophy in the chicken were investigated, and the methods and results are reported herein.
METHODS
Adult single-comb White Leghorn (SCWL) chickens (approximately 1 year of age) were used in this investigation and those exposed to chronic hypoxia were hatched at 10,150-ft elevation and had been raised for that 1 year at an elevation of 12,500 ft at the White Mountain Research Station.3
The pulmonary arterial blood pressures were determined on birds which were conscious at all times. In preparation, the bird was restrained on an operating table on the right side with the left wing folded back exposing the lateral thoracic region (from which the feathers were removed).
In this position the external superficial thoracic vein is easily recognized coursing from the angle of the wing in a posterioventral direction. A local injection of 10 ml of 2 % procaine hydrochloride was made subcutaneously along the vein through the muscle down to the bone (rib at the costosternal junction). A 3-inch incision was made along the thoracic vein, which exposed the pectoralis major muscle. This muscle was separated from the thoracic cage by blunt dissection. A l-inch incision was made between the exposed ribs through the pleural lining exposing the left pulmonary (Fig. 1) . The local ancsthctic was evidently effective since at no time did the bird struggle or appear uncomfortable during the entire surgical procedure-which is surgically no more extensive than "caponizing," a common agricultural practice performed without any anesthesia.
A 21-gauge needle, with a plastic cannula attached to a Statham blood pressure transducer (model ~23) and a two-channel Uynograph (type KS 2), was introduced into the exposed pulmonary artery. The blood pressure measurements were calibrated with a mercury manomctcr. Following these measurements, the birds were sacrificed and their heart mass (left and right ventricular components) was determined on a K-7t Mettler balance IO the nearest 10 mg losing the method described previously (6).
Arterial gas tensions (carbon dioxide and oyxgen) and pH measurements were determined on blood taken from the carotid artery of anesthetized and unanesthetized birds in heparinized air-tight syringes and analyzed in vitro at 36 C4 and 40 C, using a suitable electrode (Instrument Laboratory blood gas analyzer, model 113). Upon collection, the blood samples were rapidly chilled to 2 C until the determinations were made, usually within 1 hr. Changes in the PoZ resulting from oxygen uptake by the blood cells are negligible (4). General anesthesia was induced by an intravenous injection of sodium pentobarbital.
RESULTS
The mean data obtained for control, sea-level birds is sulnmarized in Table 1 . The heart rate and respiratory frequencies, greater in females than in males, are similar to those summarized by Sturkie (17). However, the pulmonary arterial blood pressures, greater in males than in females, are substantially lower than those reported by Kodbard et al. (15), who used a mercury manometer to determine the "end" pulmonary arterial blood pressures in 4-month-old SCWL male chickens. Since the pulmonary arterial blood pressure is an indrx of "work" performed by the right ventricle, this arterial pultnonary blood pressure for each bird was mathematically compared with its relative right heart size for 14 adult, sea-level malts and females. This relationship was found to fit most closely a rectilinear (arithmctic) equation :
where: IIV/TV = relative right ventricular size; right ventricle (g) divided by the total ventricular mass (g) and multiplied by 100; a = the "positioning" coefficient (intercept), with the numerical value 15.1; b = the "proportionality" coefficient (slope) with the nutnerical value 0.43; and PAP = mean pulmonary arterial blood Table 3 . These blood gas tensions and pH of the control birds are quantitatively similar to those obtained previously in the chicken by Morgan and Chichester (10) and Chiodi and Terman (7).
The effect of high altitude on the blood gas is a 7.2 % reduction in the carbon dioxide tension which is not statistically significant and a 47 % reduction in the oxygen tension which is statistically highly significant. Essentially, no change was found in the blood pH. This reduction in the arterial oxygen tension results in a 60 % saturation of the arterial blood which is much lower than the 86 % arterial oxygen saturation normally found in man at this elevation (18). Interestingly, this insignificant reduction in the carbon dioxide tension at altitude in the chicken is less than that reported in man at 14,891 ft (9), indicating that the bird is not hyperventilating at this elevation which is borne out by the respiratory frequency values shown in Table 2. Anesthesia at the surgical level in chickens at sea level results in an acute hypoxia;
i.e., arterial oxygen tensions quantitatively similar to those of unanesthetized birds at l&500-ft elevation. Anesthesia at sea level produces a high carbon dioxide tension and an extreme acidosis. This hypoxic effect due to anesthesia at high altitude, however, is much less, resulting in no significant changes in the arterial pH and PCO~ and only a 20 % reduction in the oxygen tension. Sturkie (17) reports that sodium pentobarbital anesthesia inhibits the CO2 respiratory stimulus normally found in birds, however, the role of the chemoreceptors in the chicken is not entirely clear. When birds at high altitude were artificially respired with 95 % oxygen and 5 % carbon dioxide for as long as 10 min, no change was found in the pulmonary arterial pressures. In mammals, inhalation of oxygen-enriched mixtures for 10 min has been found to reduce the pulmonary arterial hypertension, although only partially (1, 8, 9, 1% Pulmonary arterial blood pressures were determined 2 days after the high-altitude birds had been returned to sea level. This was as soon as practical after transporting. These values (Table 4) are quantitatitively similar to those of sea-level control chickens. The right ventricular hypertrophy is not as responsive to environmental change, hence it was still present in these birds. A similar rapid reduction in the pulmonary arterial pressure was noted by Vogel et al. (19) , upon returning a 7-month-old calf to sea level after it had exhibited a pulmonary arterial hypertension at 5,000-ft elevation following the ligation of the left pulmonary artery.
DISCUSSION
The chicken, like all avian species, has a lung structure and respiratory system considerably different from that found in mammalian species (for a detailed discussion of the structure and function of the avian lung, refer to the book by Sturkie, 17 1, 8, 14) ; however, there was no such specific response to high altitude found in lambs or cats (13, 14; Table 5 ). It is therefore with great interest that the chicken, a nonmammalian species, should respond to high altitudes with a consistent pulmonary arterial hyper tension. Likewise, this pressor effect has not been found before in any species other than mammals.
hypertrophy found in the chicken as reported herein. It was also found in this report that the cardiac hypertrophic response in the chicken per unit increase in pulmonary arterial pressure was approximately twice that found in cattle, so it is evident that this pressor effect is a real one, having significant effects 011 the physiology of this animal at high altitudes.
This hypertensive effect of chronic hypoxia in the chicken is quantitatively less than that found in cattle (1, 8) ; however, this response in the chicken is twice that found in the rabbit as reported by Reeves et al. (14) . The right heart hypertrophy of the rabbit after 8 weeks' residence at 14,150 ft was determined to be only slight (approximately 12 Y'o), compared to the 41% cardiac
The car pulmonale resulting from the pulmonary arterial hypertension, increase in cardiac output, and increase in blood volume found at high altitude may lead to eventual heart failure in mammals (3). Lesions suggesting heart failure in the chicken living at 12,500 ft have been reported by Olander et al.
(1 l), so the right heart hypertrophy found in these apparently healthy chickens may be the initial change preceding eventual heart failure.
Males have a higher pulmonary arterial blood pressure than females (Table 2 ) and the effect of this on right heart hypertrophy (as indicated by a greater positioning coefficient a, eq. 2) is greater in males. These hemodynamic differences are directly correlated with the greater incidence of heart pathology and mortality encountered in males at high altitude.
